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A variety of seven membered heterocycles, 1,5-benzodioxapines Sa,b,e, 1,5-benzodiazepine Sc
and 1,5-benzothiazepine Sd have been prepared by the reaction of 1,2-dihydroxy benzene 4a,'I,2-
diaminobenzene 4c,2-aminothiophenoI4d and pyrogallol 4c with 2-bromomethyl-3-aryloxiranes 3a,b in
acetone or acetonitrile-Kjf'O, medium.
Oxiranes (epoxides) and find extensive utility in
the synthesis of heterocycles':" Literature reports
show that the reaction of 1,2-dihydroxybenzene
with epichlorohydrin under a variety of reaction
conditions leads to the regioselective formation of
six membered 1,4-benzodioxane ring system':'.
There are several methods reported for the synthe-
sis of 1,5-benzodioxapines4•5, 1,5-benzodia-
zepines"" and I ,5-benzothiazepines'2.J3. Valuable
drugs diazepam and diltiazem are based on 1,5-
benzodiazepine 1,5-benzo thiazepine ring systems'.
We report herein the reaction of 1,2-dihydroxy
benzene 4a, 1,2-diaminobenzene 4c and 2-
aminothiophenol 4d with 2-bromomethyl-3-
phenyloxirane 3a in acetone or acetonitrile-Kjf'Oj.
The products of the reaction are seven membered
heterocycles such as 1,5-benzodioxapines 5a,b,
1,5-benzodiazepine 5c and 1,5-benothiazepine 5d.
These are formed in a single step in good yields by
regioselective oxirane ring opening .. Its regioiso-
mers 6a-d were not formed in the reaction.
2-Bromomethyl-3-aryloxiranes 3a,b were syn-
thesised by two routes. (i) trans cinnamyl alcohols
were brominated with Br2/CCI4 to give 2,3-
dibromo-f-phenylpropanols-Z", which in the pres-
ence of aq. NaOH, benzyltrimethyl ammonium
chloride (PTC)/benzene gave 3a, 3b in quantitative
yield. Earlier Yoshida et at. have reported oxirane
3a as a minor product'", (ii) NBS/CCI4 bromination
of allyl benzene Ic gave 3-bromo-3-phenyl-l-
propene 2e which on epoxidation with m-CPBA
gave 3a (Scheme I).
The typical procedure for synthesis of 2-phenyl-
3-hydroxy-I,5-benzodioxapine 5a is described
here. 1,2-Dihydroxybenzene (10 mmoles), 2-bromo-
methyl-3-phenyloxirane (10 mmoles), and K2C03
(5g) in acetone (40 mL) were refluxed for 24 hr.
Acetone decanted, evaporated and the residue ex-
tracted with solvent ether (100 ml) and washed
with aq KOH (2%). The ether layer was concen-
trated and chromatographed over silica gel and
eluted with pet.-ether:chloroform (1: I) to give 2-
phenyl-3-hydroxy-I,5-benzodioxapine 5a (Scheme
II). The structure of 5a was established by its
spectral data. In the JH NMR the benzylic proton
(H-2) resonated at & 4.88 as a doublet (J=9 Hz)
indicating that the C-2 phenyl and C-3 hydroxyl
groups are trans with respect to each other. The C-
3 proton resonated at & 4.08 as a multiplet. The C-4
diastereotopic methylene protons exhibited the
ABqx2 pattern with one proton at & 4.20 (J=13,2
Hz) and the other at & 4.60 (J=13, 3 Hz). The four
aromatic protons (H-6,7,8,9) resonated as a mul-
tiplet at & 6.85. The C-2 phenyl protons resonated
as two multiplets one at & 7.35 (H-3',4',5') and the
other at 7.45 (H-2',6'). In J3CNMR spectrum of5a
the heterocyclic ring carbons resonated at & 85.3
(C-2) 75.0 (C-3) and 74.9 (C-4). In MS the M+
peak appeared at m/z 242. Other intense ions ap-
peared at 133 (100%) 121 (43) 105 (43) and 91
(47) in agreement with assigned structure. There is
possibility for the formation of a six-membered
lignan type of 2-hydroxymethyl-3-phenyl-I,4-
benzodioxane" by an alternative mode of oxirane
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opening. However, the formation of 1,4-benzodi- Similarly, 1,2-diaminobenzene 4c and 2-amino-
oxane was ruled out from its spectral analysis and thiophenol 4d were condensed with 2-bromo
literature comparison":". Several natural products methyl-3-phenyloxirane, 3a in acetonitrile-Kjf'O,
with 2-hydroxymethyl-3-phenyl-I,4-benzodioxane medium to give the heterocyclic 2-phenyl-3-
skeleton (lignan) are reported":". In these systems hydroxy I, 5-benzodiazepine 5c and 2-phenyl-3-
the signals are due to heterocyclic ring protons 0 hydroxy-I, 5-benzothiazepine Sd. A similar reac-
CH(OH) and CH20H resonate upfield at l) 3.0-4.0 tion of 3b on reaction with 4a gave regioselec-
and in the \3C NMR CH20H carbon resonates at l) tively 2-(p-chlorophenyl)-3-hydroxy-I,5-benzodi-
60.0_62.017•18• oxapine Sb. The condensation of pyrogallol with
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3a, however gave two regioisomeric 1,5-benzo di-
oxapines 5e/6e. From 'n, 13C NMR, and mass
spectral data it was not possible to distinguish be-
tween these regioisomeric heterocycles.
The one step-formation of seven membered hete-
rocycles can be envisaged to proceed by the regio-
selective opening the oxirane ring by nucleophiles
OH, NH and SH attacking at the less hindered po-
sition of the oxirane. The reaction of 1,2-
disubstituted benzene derivatives 4a-e with oxi-
ranes 3a,b offers a new synthetic route to 1,5-
benzodioxapines, 1,5-benzodiazepines and 1,5-
benzothiazepines.
Experimental Section
General. Melting points were determined in sul-
furic acid bath and are uncorrected 'u NMR (200
MHz) and 13CNMR (50.3 MHz) spectra were re-
corded on Varian Gemini 200 spectrometer
(chemical shifts are given in 0, ppm downfield
from TMS). Mass spectra were recorded on a UG
micro mass 7070 H instrument.
Synthesis of oxiranes 3a,b
2-Bromomethyl-3-phenyloxirane 3a. A mix-
ture of 2,3-dibromo-3-phenyl propanol-I 2a (SO
mmoles) in benzene (330 ml.), 29% aq. NaOH
(123 mmoles) and PTe (18 mmoles) was stirred at
room temperature for 40 min. The organic phase
was separated, dried over anhydrous Na2S04, con-
centrated and chromatographed over silica gel us-
ing pet. ether-chloroform (3: 1) as eluent to get 3a
as a yellow liquid (70% yield). lH NMR (CDCb):
02.72 (IH, dd, J=5, 4 Hz, H-I), 2.95 (lH, dd, J=4,
2 Hz, H-I), 3.55 (I H, ddd, J=7,4,2 Hz, H-2), 4.62
(I H, d, J=8 Hz, H-3), 7.40 (5H, m, arom) 13C NMR
(DMSO-d6): 0 47.4 (C-I), 57.1 (C-2), 53.9 (C-3),
127.1 (C-2',6'), 127.2 (C-3',5'), 127.5 (C-4'),
136.5 (C-l'). MS m/z 212 (M+) (5%),194 (15),
168 (13), 132 (10), 114 (55),104 (67),102 (89), 91
(61),77(68).
l-Bromomethyl-3-(p-Chlorophenyl)oxirane 3b.
A mixture of 2,3-dibromo-3-(p-chlorophenyl)pro-
panol-I lb (SO mmoles) in benzene (40 ml), 29%
NaOH aq. solution (123 mmoles) and benzyl-
trimethylammonium chloride (18 mmoles) was stirred
at room temperature for half an hour. Thereafter, the
reaction mixture was worked-up as in 3a to give 3b
(70% yield). 'n NMR (CDCI) 0 2.74 (lH, m, H-l),
2.98 (1H, dd, .1=5,3 Hz, H-l), 3.52 (l H, m, H-2), 4.65
(IH, d, .1=8 Hz, H-3), 7.40 (4H, m, arom); MS: rnIz
246 (2%) (~), 205 (3), 169 (30), 167 (l00), 139
(65), 137 (70), 132 (23), 103 (30), 101 (52), 75 (25);
Anal found: C, 43.70; H, 3.24. Calcd for C9HsBrCIO
C, 43.90; H, 3.21%.
3-Bromo-3-phenyl-l-propene lc. Allylbenzene
Ic (10 mmoles) NBS (15 mmoles) in CCI4 (60 mL)
were retluxed vigorously under light (200 Watts
bulb) for 24 hr. The succinimide was filtered off,
and the filtrate concentrated and chromatographed
over silica gel using pet-ether as eluent to give lc
as a white solid (75% yield), m.p. 97°, 'n NMR
(CDCI): 0 3.90 (IH, dd, J=13, 5 Hz, H-l), 4.24
(IH. dd,J=13, 4 Hz, H-l), 4.70 (lH, m, H-2), 5.30
(IH. d, J=10 Hz, H-3), 7.40 (5-H, m, arom.). Anal
found: C, 55.10; H, 4.60: Calcd for C9H9Br re-
quires C, 55.10; H, 4.59%.
2-Bromomethyl-3-phenyloxirane 3a from 3-
bromo-3-phenyl-l-propene lc. 3-Bromo-3-
phenyl-I-propene 2c (l0 mmoles) and m-CPBA
(12 mmoles) in dichloro methane (30 mL) were
stirred for 6 hr, and the reaction mixture was
washed with NaHC03 (2%) dried, concentrated,
chromatographed over silica gel using pet-ether-
chloroform (20: 1) as eluent to given 3a.
2-Phenyl-3- ib'ydroxy-l ,5-benzodioxapine Sa.
A mixture of 1,2-dihydroxybenene 4a (10 mmoles)
2-bromomethyl-3-phenyloxirane 3a (10 mmoles)
and K2CO~ (5g) in acetone (40 mL) retluxed for 24
hr. Acetone decanted and evaporated. The product
was extracted with solvent ether, washed with
chilled aq. KOH (2%), dried, concentrated and
chromatographed over silicagel eluted with pet
ether:chloroform (2: 1) gave Sa as a white solid
(70% yield) m.p. 90° IH NMR (CDCI): 0 4.88
(1 H, d, J=9 Hz, H-2), 4.08 (1 H, m, H-3), 4.20 (I H,
ABq, J=13, 2 H, H-4), 4.60 (I H, ABq, J=13, 3 Hz,
H-4), 6.85 (4H, rn, H-6,7,8,9), 7.35 (3H, m, H-
3',4',5'),7.45 (2H, m, H-2',6'), 13CNMR (CDCI3):
o 85.3 (C-2), 75.0' (C-3), 74.9 (C-4), 120.6 (C-6),
123.0 (C-7), 123.5 (C-8), 121.4 (C-9), 127.0 (C-
3',5'), 128.6 (C-4'), 128.7 (C-2',6'), 139.0 (C-l '),
144.0 (C-9a), 150.2 (C-5a), MS rn/z 242 (l 5) (M+)
197 (15%) 150 (10) 133 (100),121 (43), 105 (43),
91 (47), 77 (20), Anal. Found: C, 74.38; H, 5.78%.
Calcd for CIsHI403 C, 74.38; H, 5.78%. The re-
gioisomer 6a was not formed in this reaction.
1-(p-Chlorophenyl)3-hydroxy-l,5-benzodioxa-
pine 5b. A mixture of 1,2-dihydroxy benzene 4a
(l0 mmoles) 2-bromomethyl-3-(p-chlorophenyl)
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oxirane 3b (10 mmoles) and K2C03 (5g) in acetone
(40 mL) was refluxed for 24 hr and the reaction
mixture worked-up as in Sa to give Sb as a semi-
solid (6S% yield); IH NMR (CDCh): B 4.90 (lH,
d, J=9 Hz, H-2), 4.10 (lH, m, H-3), 4.20 (lH, ABq,
J=13, 2 Hz, H-4), 4.60 (lH, ABq, J=13, 3 Hz, H-4),
6.90 (4H, m, H-6,7,8,9), 7.3S (4H, m, H-
2',3',5',6'), I3CNMR (CDCb) B 85.3 (C-2), 75.9
(C-3), 7S.0 (C-4), 120.6 (C-6), 123.6 (C-7), 123.1
(C-8), 121.3 (C-9), 128.2 (C-3',5'), 134.9 (C-4'),
128.7 (C-2',6'), 1:37.6(C-l'), 149.1 (C-9a), 150.0
(C-Sa), Anal. found: C , 65.10; H, 4.71. Calcd for
C1sHI3CI03C, 6S.09; H, 4.70%. The regioisomer
6b was not formed in this reaction.
2-Phenyl-3-hydroxy-l,S-benzodiazepine Sc.
1,2-Diaminobenzene 4c (10 mmoles) 2-bromo-
methyl-3-phenyloxirane 3a (10 mmoles) and
K2C03 (5g) in acetonitrile (40 mL) refluxed for 12
hr. Acetonitrile was decanted and concentrated.
The product was chromatographed over silicagel
eluted with pet ehter:ethylacetate (9: I) to give Sc
(50% yield) m.p. 124° IH NMR (CDCb): B 2.95
(1H, d, J=15 H, H-2), 3.60 (1H, m, H-3), 3.45 (IH,
dd, J=13, 3 Hz, H-4), 3.54 (1H, dd, J=13, 3 Hz,
H-4), 3.90 (1H, s, NH or OH), 6.82 (4H, m, H-
6,7,8,9), 7.40 (3H, m, H-3',4',5'), 7.50 (2H, m, H-
2',6'); MS: mlz 240 (15%) (M+) 196 (15), 195
(20), 119 (100), 92 (7), Anal. Found: C, 74.99; H,
6.68; N, 11.66. Calcd. ClsHl6N20 C, 74.99; H,
6.66%, N, 11.66. The regioisomer 6c was not
formed in this reaction.
2-Phenyl-3-hydroxy-l,S-benzothiazepine Sd.
2-Aminothiophenol 4d (10 mmoles), 2-bromo-
methyl-3-phenyloxirane 3a (10 mmoles) and
K2C03 (5g) in acetonitrile (40 mL) were refluxed
for 12 hr and the reaction mixture was worked-up
as in Sc to give Sd as a light grey solid (70%
yield), m.p. 120°, IH NMR (CDCb): B 4.05 (1H, d,
J=10 Hz, H-2), 4.10 (1H, m, H-3), 2.75-2.95 (2H,
m, H-4), 3.50 (IH, s, NH), 3.75 (IH, s, OH), 6.75-
7.SS (9H, m, H-6,7,8,9, H-2',3',4',5",6'); l3CNMR
(CDCh): B 39.6 (C-2), 69.2 (C-3), 66.7 (C-4),
117.8 (C-6), 128.1 (C-7), 122.8 (C-8), 121.6 (C-9),
142.7 (C-9a), IS1.8 (C-Sa), 133.S (C-l'), 128.9 (C-
2',6'), 127.2 (C-3',S'), 128.8 (C-4'); MS: mlz 257
(2%) (M+), 213 (67), 136 (100), 109 (15); Anal.
Found: C, 70.00; H, 5.84; N, 5.44. Calcd for
C1sH1SSNO:C, 70.03; H, 5.83; N, 5.44. The regioi-
somer 6d was not formed in this reaction.
2-Phenyl-3,6(9)-dihydroxy-l,5-benzodioxapine
Se/6e. Pyrogallol4e (10 mmoles) 2-bromomethyl-3-
phenyloxirane 3a (10 mmoles), K2C03 (Sg) in ace-
tone (40 mL) refluxed for 8 hr and the reaction
mixture was worked-up as in Sa to gave two light
yellow semi solids A and B which are regioisomer
A=Rr,0.44 (pet ether:ethyl acetate, 8:2) (SO%yield)
Se/6e, and B=Rr , 0.17 (pet-ether: ethyl acetate,·8:2)
(25% yield) Se/6e. Regioisomer A: IH NMR
(CDCb): 84.92 (1H, d, J=9 Hz, H-2), 4.20 (IH, m,
H-3), 4.70 (1H, m, H-4), 4.30 (lH, dd, J=13, 2 Hz,
H-4), 2.30 (IH, bs, OH), S.SS(1H,s, OH), 6.60-6.90
(3H, m, H-,7,8,91H-6,7,8), 7.S0 (SH, m, H-
2',3',4',5',6') l3CNMR (CDCb): B 86.6 (C-2), 74.8
(C-3), 74.S (C-4), 138.1 (C-6), 109.2 (C-7), 123.2
(C-8), 111.7 (C-9), 128.8 (C-3',S'), 128.9 (C-4'),
126.9 (C-2',6'), 136.9 (C-l '), IS0.3 (C-9a), 148.0
(C-5a). MS mlz 250 (15%) (~) 137 (IS), 133
(100), 105 (21), 91 (30); Anal. Found C, 69.74; H,
5.46 Calcd for ClsHI404 C, 69.78; H, S.41%. Re-
gioisomer B: IH NMR (CDCb) 8 4.92 (IH, d, J=9
Hz, H-2), 4.10 (lH, m, H-3), 4.28 (IH, dd, .1=13,2
Hz, H-4), 4.60 (lH, dd, J=13, 2 Hz, H-4), S.70 (1H,
bs, OH), 6.40-6.75 (3H, m, H-6,7,81H-7,8,9), 7.30
(5H, m, H-2',3',4',5',6'), MS: mlz 250 (10%) (~)
137 (10), 133 (100), 10S (12), 91 (35), Anal found:
C, 69.74; H, 5.46. Calcd for CIsHl404 C, 69.76; H,
5.42%.
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